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ACRONYMSAND DEFINITIONS

BWRS: Bioregenerative Water Remvery System
BWP: Bioregenerative Water Process

HRT: Hydraulic Residence Time

JSC: Johrson SpaceCenter

MOE: Name of the experimental unit for TOC removal
NH,": Ammonium ions

Nitrates-N: Nitrogen content of the nitrates

N>: Nitrogen

O,: Oxygen

SHEMP: Name of the experimental unit mainly for nitrification
TOC: Total Organics Carbon

VSS Volatil e Suspended Solids

WRS: Water Remvery System



OBJECTIVE

The objedive of the modeling and analysis suppat for the WRS Integration Task isto develop
the kinetics of the Total Organics Carbon(TOC) Removal processand the Nitrificaion process
based onthe data mlleded from the pulic domain, to validate the kinetics with the JSC
Bioregenerative Water Reavery System (BWRS) experimental data, and to modify the existing
WRS ASPEN Plus model’s TOC Removal and Nitrification modues by taking into accourt the
kinetics developed from the experimental data. The upgraded model will all ow user to conduct
WRS bioreadors performance prediction at various operating condtions.

UPGRADE OF THE BIOREACTOR MODULESOF THE WRSASPEN
PLUS MODEL

1. TOC REMOVAL PROCESS

Literature seach and datareview

A literature search was conducted to oltain experimental data similar to the operating condtions
of the bioreactors for the JSC BWRS, and the data was subsequently used in the development of
the reaction kinetics of the TOC Removal process

Most of the test data available from the puldic domain are for denitrification with low moleaular
weight organic carbors as the cabonsourcefor the microorganisms (Ref. 1-8). Limited
informationis avail able for TOC removal with nitrate a N, and O, sources for the
microorganisms (Ref. 9-14).

Implementation d the MonodKinetics to the TOC Modue of the WRS ASPFEN PLUS Moddl

Environmental fadors, such astemperature, pH, nitrates concentration and carbon concentration
can have asignificant effea onthe readion rates of the TOC removal/denitrification process
Halli ng-Sorensen, et a (Ref. 1) proposed that using the MonodKinetic goproad, a combined
Kinetic equation relating the denitrification process with the influence of carbonconcentration to
the organism growth rate, can be expressed by the foll owing relationship:

dSgenit/dt = - Umex,0/ Y b * Sdenit/ (Kp +Sqenit) * Sroc/(Ktoc + Stoc)* Xp -........ (1
Asauming that the TOC removal rate equals the denitrifying rate, i.e.

dSgenit/dt = K*dSroc/at ...vvvieie i e (2)
Where K = Stoichiometric coefficient
We further assume that the temperature and pH of the system are controlled at constant levels
and ritrates are in excess, i.e. the nitrate wncentrationis not the rate-limiti ng facor, combining
equations (1) and (2) leads to equation (3):

dSroc/dt = - Una,o/ YD * STOd(KTOC + STOC)* ) T (3)

where Una,o = Maximum growth rate of the denitrifying bacteria, day™
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Xp = Biomassconcentration d the denitrifying baderia, mg/I

Yo = Denitrifying yield coefficient, mg denitrifying bacteria grown (VSS) per mg
ntrates-N removed.

Syenit = Concentration d substrate to be denitrified, mg/l as nitrate-N

Sroc = TOC concentration in the TOC removal/denitrifying reacor, mg/l

Kp = Saturation constant, mg/l as nitrates-N

t = Residencetime, days

Ktoc = Saturation constant, mg/l as TOC

Integration d equation (3) leals to equation (4):
Kroc*In (Sroc / Stoci0) — (Stoc — Sroc,0) = -KRate® teeve e, 4
Where KRrATE = Umax,0/ Y 0* Xp
A Fortran subroutine using equation (4) for the TOC removal processwas implemented into the

TOC remova modue of the WRS ASPEN Plus model. Testing and \erification o the modified
model were completed.

Implementation d the Half-Order Reaction Kinetics to the TOC Removal Modue of the ASPEN
PLUS WRS Modd

Harremoes (Ref. 2) proposed that the readion kinetics for biofilm reactors follow zero-order or
half-order readion kinetics. The readion foll ows the zero order readion kineticsif the substrate
fully penetrates the biofilm, otherwise it foll ows the half-order reaction kinetics when the
substrate partially penetrates the biofilm. Some reports (Ref. 11, 14 foundthat both half-order
and zero arder readion kinetics exist in the TOC reductiorn/denitrification processes under
various substrate mncentrations.

In the BWRS application, it is assumed that excessnitrates are alded to the TOC reduction
reador, making nitrates non-rate limiti ng. The only rate-limiti ng fador is, therefore, the TOC
concentration. The readion can be of zero or half-order kinetics, depending onthe total organic
carbonconcentration d the system.

Asthe basis of thistask, half-order readion kinetics of the TOC removal processwas assumed
and experimental datawere crrelated. A FORTRAN block using the half-order kinetics
correlation was built i nto the TOC removal modue of the WRS ASFEN PLUS Model. Testing
and result verificaionwere completed.

In the near future, as more-experienced-based kinetics are developed, the FORTRAN block can
be eaily modified for more accurate prediction d the TOC removal reactor’s performance.

Validation d the Modified TOC Remova Modue

In order to validate the modified TOC removal module, experimental datafrom the MOE unit
were obtained from Karen Pickering/EC3, Barry Finger/Honeywell, and Jayesh Gandh/GB
Ted.



Subsequently, data reduction and correl ation were condicted and compl eted. Results are shown
in the foll owing.

Summaries of test data from data reduction and data wnwversion are tabulated in Tables 1 and 2.
Figure 1 showsthe relationship between the overall TOC conversion and Hydrauli c Residence
Time (HRT) for the MOE experimental unit. The relationship between the single-passTOC
conversion and residencetime is presented in Figure 2.

In Figure 1, test data mlleded between 6/22/99 and 423/2000indicae that the TOC conversion
and the hydraulic residencetime ae independent of ead ather. Figure 2 shows the similar trend
for the one-passTOC conversion and the residence time for the same time frame.

The MOE data olleded between 6/22/1999and 4/23/2000also indicate that increasing the HRT
does nat result in higher TOC removal.

As aresult of this new finding and to confirm the kinetics, further literature search was
condwcted to oltain pubished datain the pulic domain. Experimental datafoundin

Mendorcd s work (Ref. 3) show that the denitrificaion conversionisindependent of hydraulic
residence time. These data show that an increase in hydrauli ¢ loading or volumetric flow resulted
in along-term increase in the half-order denitrification rate cnstant. The MOE data wll ected
before 4/23/2000exhibits the same phenomena & depicted in Figure 3. The nealy constant
conversion with increasing hydraulic residencetime is due to the higher growth rate of biomass
at higher hydrauli c loading and shorter hydrauli c residence time.

Reference 3, therefore, has confirmed the phenomenonfoundin the MOE experimenta unit for
data olleded between 622/99 through 4/23/200Q

In Table 1 and Figure 1, test data olleded between 424/2000and 914/2000show that
deaeasing the HRT below 6.05 hous would decrease the overall TOC conversion. This suggests
that aminimum HRT isrequired to achieve the optimum conversion d the TOC removal
process

Optimization d the TOC Removal Process

From Table 1 and Figure 1, threedata points that are worthwhil e for further investigation are
HRTsat 6.05, 8.45and 24.2hous. Repeding the experiment at these data points will alow us
to confirm the optimum hydrauli c residencetime and to make better judgment on the optimum
HRT seledionin the near future.

If the downstream nitrificaion processof the BWP can be improved to a higher processng rate,
the lower HRT of the TOC removal processcan be seleded. Thiswill | ead to a higher overall
BWP processng rate or the size reduction o the TOC reador.
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2.NITRIFICATION PROCESS

Literature seach and datareview

Literature seach has been condicted to oltain experimental data simil ar to the operating
condtions of JSC's Nitrification processfor the development of the readion kinetics.

The seach indicaes that nore of the biofilm reactors in the puldic domain have the same
configuration as JSC’ s tubular nitrificaion reador, which is designed for zero-gravity
applicaion.

The nitrification cata from the pulic domain show that nitrification reaction can foll ow the
Monod Knetics or the Michadi s-Menten equation (Ref. 1). Some reports suggest that the
nitrification kinetics can foll ow the zero-order kinetics or the first-order kinetics of a certain rate-
limiti ng substrate, such as the anmonium concentration, acygen concentration, aganic matter
concentration, etc. (Ref. 15-26). Further literature will be researched and reviewed to confirm on
the nitrificaion kinetics.

Data Analysis of the SHEMP Unit's Nitrificaion Process

In order to upgrade the Nitrification modue of the existing WRS ASFEN Plus moddl, test data
from the SHEMP experimental unit were all ected from Jayesh Gandh/GB Tech.

Data reduction and correlation were amnducted and the results are shown in the foll owing.

Table 3 shows a summary of the SHEMP data. Figure 4 shows the relationship between the
ammonium conversion and HRT for the SHEMP unit. More data @ll ection and reviews are
recommended before amore anvincing conclusion can be drawn.

CONCLUSIONS AND RECOMMENDATIONS

Analysis tasks completed for the WRS Integration Testing are listed below:

1. Implemented the MonodKinetics to the TOC Removal Modue of the WRS ASFEN Plus
Model.

2. Implemented the half-order kineticsin a Fortran Block for the TOC Remova modue.

3. Data analysis of the MOE experimental data ll ected between 6§22/99 and 4/23/2000
shows that the TOC conversionis independent of the HRT/RT in that time frame.

4. Review of pubished data suggests that the reaction kinetics of the TOC conversion can
be zero ar half-order for biofilm readors. The reaction kinetics is dependent onthe TOC
concentration in the system and the degree of penetration d the substrate through the
biofilm.

5. Data ollected from the MOE TOC converter after 4/23/2000 enables the estimation o
the minimum HRT or optimum HRT.

6. Numerous articles related to the nitrificaion processhave been coll ected from the pubdic
domain and reviewed.

7. Colleded SHEMP Nitrificaion datafrom JSC and correl ated the experimental data.
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With the arrent experimental data llected, it is difficult to develop an accurate reaction
kinetics model for the TOC removal process We would recommend the WRS tean to perform
the foll owing:

1. Perform additional experimentsto colled a set of data spedficdly for the kinetics
development. This neeals to be done by running a set of experimentsin parallel and each
onein batch mode. The main focusisto quantify al the fadors affeding the reaction
rates, terminate the operation at diff erent residence time, and analyze the TOC conversion
for each experiment at the end o each termination.

2. Reped theHRTsat 6.05 8.45and 24.2 hots for the TOC reactor to confirm the
repedabili ty of the optimum data points.

3. Explorethe nitrification's bioreador techndogy, such as using the hall ow fiber
membrane, etc. Validate and confirm their performancein nitrificaion.

4. Runmore lab scde tests on the nitrificaion boreactors under different conditions and
locae the optimum parameters, e.g. nurient concentration, H control, etc. prior to the
scde-up d the process
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